The present study investigates speech segmentation of English by semi-bilingual Japanese speakers of English. Two experiments were conducted with forty subjects. The first experiment used a syllable-monitoring task and the results did not show a moraic segmentation strategy, which is a languagespecific segmentation strategy for native speakers of Japanese. This suggests that they employed a general or segment-bysegment sub-lexical segmentation strategy rather than a language-specific moraic segmentation strategy for accessing the lexicon.
INTRODUCTION
Tht speech signal is a continuous stream of words, with no reliable cues to word boundaries. However, in order to understand speech, humans must be able to extract individual words effortlessly from the speech stream to use them to access lexical information. How is this possible? Two types of model have been proposed to solve this paradox for lexical access. The first type of model presumes an explicit prelexical segmentation into rhythm-based constituents before lexical access occurs. Recent experimental studies have confumed that this explicit Segmentation differs across languages. Results from French suggest that listeners in that language segment speech at syllable boundaries [l). English listeners, on the other hand, segment speech at the onset of strong (but not at the onset of weak) syllables [2]. Also, Japanese listeners segment speech at mora boundaries [3, 43. However, these apparently different segmentation strategies can be unified in a univenal model whereby segmentation exploits the rhythm-defined constituents of the language. The above studies exactly reflect the characteristic rhythm of each language. We call this strategy "the language-specific rhythmbased segmentation strategy" (hereafter "rhythm-based segmentation").
The other type of model presumes the existence of a mature lexicon and a more general segmentation strategy that does not explicitly tap rhythmic constituents. We call this strategy "the general segmentation strategy" (hereafter "general segmentation").
h these models, lexical segmentation is achieved as an automatic consequence of the sub-lexical phoneme or feature recognition process so that for adult listeners with mature lexicons, speech can be mapped onto words, directly without reference to language-specific prosodic units [e.g., 5, 6, 73. Cutler et al. [8] propose a universal lexical access model which allows for both of these segmentation strategies. In acquisition, rhythm-based segmentation is developed that i s appropriate for the phonological structure of the ambient language and young children exclusively use this strategy to aid in the acquisition of lexicon. However, after acquiring a mature lexicon, general segmentation is also available and listeners can use both segmentation strategies to access to lexicon. This dual strategy model presumes that listeners themselves must choose one of these segmentation strategies to access to lexicon. Monolingual and bilingual studies that tested for explicit prelexical segmentation show that monolinguals and bilinguals choose different strategies for segmenting the foreign-language input. Although monolinguals tend to use their rhythm-based segmentation whether or not it is appropriate for that language, bilinguals can inhibit their rhythm-based segmentation and employ the other general segmentation [l, 2, 3. The stimulus words and 264 filler words were ananged into 64 lists. Each target word occurred twice, once in one of the first thirty-two lists and once in one of the last thirty-two lists. Of the thirty-two lists which did not contain target words, half contained no occurrence of the specified target, while the other half contained a dummy target. Two target orders were compiled, with type of target counterbalanced across order and first versus second half in the experiment for each item pair. The materials were recorded at a slow-normal rate by a male native speaker of British English.
Subjects were forty Japanese natives who have good communicative competence in English acquired in a minimum of three years of residence in English-speaking countries, but who were recognizably not native speakers of English.
They heard an auditory CV or CVN target, followed by a short list of words. The task was to listen for any word in the list that began with the target, and then to press a response key as quickly as possible when they detected the target. Stimuli and response pulses were recorded on the different tracks of a DAT tape and reaction times were measured by calculating the distance between the target onset in a stimulus word and subject's response on a Kay Sona-Graph 5500.
Results and Discussion
The mean response times CRT) for each condition are shown in Figure 1 . Separate analyses of variance showed a main effect of word type; CV words were responded to faster than CVN words (F1 [1, 38] = 13.01, p e -001; subject analysis only). However, there was neither a significant main effect of target type effect nor a significant interaction between target type and word type. make et al. [3] found the following patterns suggesting a language-specific moraic segmentation strategy. Firstly, CVN targets are difficult to detect in words where the nasal is an onset of the following syllable (CV words). Secondly, CV targets are equally easy to detect in both types of words. Finally, the RT for CVN is much longer than that for CV targets when they occur in words where a nasal is followed by another consonanr, which is an onset to the following syllable (CVN words).
We regarded the nasals in English CV words in Table 1 Cutler and Otake [4] further tested their mora hypothesis with Japanese monolinguals, using phonemes which themselves can consist of a mora as targets. In Experiment 11, we investigated speech segmentation by semi-bilinguals, using the same English materials in 143.
EXPERIMENT I1

Materials and Procedure
The materials were taken from Experiments 3 and 4 of [4] . The stimulus words are shown in Table 2 . Two visual targets were used: '0" and "N." '0" was always realized as [D] . "N" was realized somewhat differently in syllable-initial ([n]) and syllable-final position (e.g., [n] and [q]). Table 2 also shows the expected equivalence to Japanese moraic versus non-moraic target. The stimulus words and 245 filler words were m g e d into 64
lists. Of the thirty-two lists which did not contain one of the experimental targets words, half contained no occurrence of the specified target, while the other half contained a dummy target. Materials were recorded at a normal rate by a male native speakers of Standard South British English.
Subjects were presented with a visual target consisting of a single Capital English letter (either " 0 or " N ) on a 15 x 17 cm card, immediately prior to the beginning of the list. The task was to listen for a word containing the sound associated with the target in the list of words, and then to press a response key as soon as they had detected the target sound. Reaction times were measured as in Experiment I.
Results and Discussion
The mean response times 0 and the mean miss rates (%) are shown in Figure 2 . The results showed that "N" targets were always detected more easily than '0" targets. The mean miss rate of 18.1% for "N" targets was lower than the mean miss rate of 38.7% for '0" targets ( F 1 [1,39 Figure 2 shows that "N" targets were detected faster and more accurately when they were "moraic" than "'non-moraic." Also it shows that "0" targets were detected faster and more accurately when they wae "nonmoraic" than 'moraic."
The results replicated Cutler and Otake (41's experiment with Japanese monolinguals: A mofaic effect appeared only in 'W targets. We propose that the "anti-moraic" effect on "0" targets with semi-bilinguals might be caused by two kinds of mismatch as follows. The first mismatch might exist between the target sound in the target words and the sound which semi-biiinguals associated with the visual target. The second mismatch might come from the confound of stress assignment between (C)V.V.CV words and (V).CV.CV words in "'0'' targets. Even though the stress was assigned to all target vowels in (V).CV.CV words, it is not assigned to half in the (C>V.V.C words (e.g., ion, kiosk, eon, and neon). These two kinds of mismatch can explain why we observed a significant difference in targets and why "moraic" targets were detected slower than "non-moraic" targets in "0'' targets. The mismatch was worse for the (C)V.V.C words than for (V).CV.CV words. 
GENERAL DISCUSSION
The results of our two experiments suggest that semi-bilinguak have two segmentation strategies: "rhythm-based segmentation" and "general segmentation." Thus, our experiments with semi-bilinguals provide supportive evidence for the Cutler et al. [8] model. However, Japanese semibilinguals seem to apply these segmentation strategies in a manner that is diffmnt from that employed by "perfect"
French-English bilinguals in [8). Even though French-English bilinguals applied generall segmentation to the foreignlanguage input, semi-bilinguals employed these two segmentation strategies inconsistently. Cutler et al. [SI propose that rhythm-based segmentation is the strategy that young children used first to solve the segmentation problem. Thus, even bilingual speakers can have only one rhythm-based segmentation, just like monolinguals.
They also claim that bilingual speakers employ this rhythmbased segmentation when listening to the language from which they have acquired this strategy, and general segmentation when listening to a language with which they have extensive experience.
.-.
However, this is not tfie whole story with bilingual speakers. Bradley et al. 1111 reponed that their Spanish-English bilinguals who learned Australian English after puberty did not employ rhythm-based syllabic segmentation to Spanish, their native language. Also Kearns [12] reponed that French listeners in the process of leaning English did not employ rhythm-based syllabic segmentation to French even though they employed general segmentation to English. As to the application patterns of two segmentation strategies provided by the three different types of bilinguals, Kearns 1121 claims that only perfect bilinguals can perform the perfect separate application of two different segmentation strategies as the situation demands.
Our semi-bilinguals were native speakers of Japanese and were recognizably not native speakers of English by contrast to the "perfect" French-English bilinguals in [SI. Following Kearns [12] , we assume that they might not be able to perform the perfect separate application of two different segmentation strategies as the situation demands, just like two groups of bilinguals in [ l l ] and [12] . The present experiments showed that semi-bilinguals applied different segmentation strategies to their second language depending on experimental task. Even though they were able to employ general segmentation to the CV morae, they were not to the moraic nasals when listening to English. This suggests that semi-bilinguals only partly suppress their native rhythm-based segmentation as do perfectly the balanced French-English bilinguals in [SI.
CONCLUSION
This study investigated segmentation strategies exploited by semi-bilingual Japanese speakers of English, to evaluate the 
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